ABSTRACT An experiment was conducted to determine the effects of adding vitamins E and C to diets containing 3.5% refined soy oil (SO), recycled soy oil (RSO), or acidulated soy oil soapstocks (ASS) on 1) fatty acid (FA) profile, and cholesterol, triglyceride (TG) and α-tocopherol (α-T) concentrations of yolk, and 2) the oxidation status of serum and yolk. Twelve dietary treatments, using 3 oil sources, 2 levels of vitamin E (0 vs. 250 mg/kg), and 2 levels of vitamin C (0 vs. 250 mg/kg), were prepared. A total of 300 W36 Hy-line laying hens, from 44 to 56 weeks of age, were placed in 60 cages (5 birds/cage) and 5 cages were randomly assigned to one of the 12 diets. Blood samples and eggs were collected after 84 d on trial. No interactions among main effects were found for any of the traits studied. Oil sources had little effects on the FA profile of the yolk, except for C18:3 that was higher (P-value of < 0.01) in the hens fed SO than those fed RSO or ASS. Vitamin E supplementation significantly (P-value of < 0.05) increased the concentration of C16:0, C18:0, and C16:1 but decreased that of C18:2 and C22:6n3 in the yolk. Vitamin C supplementation significantly (P-value of < 0.05) increased C18:0 and C18:3 concentrations in the yolk but decreased the n6 to n3 FA ratio. The concentrations of cholesterol and triglyceride in serum and yolk were not affected by dietary treatment but α-tocopherol concentration increased (P-value of < 0.01) by the dietary vitamin E. Compared with the hens fed the SO diets, malondialdehyde (MDA) concentration in serum was higher with RSO diet but lower with ASS diet. Vitamin E and vitamin C supplementation decreased (P-value of < 0.05) serum MDA. Yolk FA profile was affected not only by the FA profile of the oil source used in diet, but also by the supplementation of vitamin E and C. The results showed that triglyceride profile, but not cholesterol content, of egg was affected by fatty acid profile of the supplemental oil and the vitamin C and E supplementations.
INTRODUCTION
Egg is a high-quality source of proteins, vitamins, phospholipids and unsaturated fatty acids (FA) for humans. Dietary composition of hen feed influences the nutritive value of the eggs (Grobas et al., 2002) , especially fatty acid peofile, and the contents of some minerals and fat-soluble vitamins (Naber, 1979) . Moreover, supplementation of diet with recycled or wasted vegetable oils may affect sensorial quality of meat and egg due to the development of oxidation-derived off-flavors (Bou et al., 2006) , which could limit their use in poultry diets. Vitamin E protects cells and tissues from oxidative damage induced by free radicals (Yu, 1994) . Vita-min C acts as an antioxidant due to its properties as a radical scavenger, and can donate an electron to reactive free radicals (Niki, 1991) . Vitamin C can also act in synergy with tocopherol by regenerating tocopheroxyl radicals (Mäkinen et al., 2001) . Therefore, vitamins E (VE) and C (VC) supplementation may be good alternatives to minimize lipid oxidation of the diet and may help maintain the quality of eggs (Grobas et al., 2001) .
The effects of dietary VE and oil sources on yolk FA profile, sensory quality of the eggs, and yolk oxidation stability have been studied extensively (Meluzzi et al., 2000; Pál et al., 2002) . However, little information on the combined effects of VE and VC supplementation in soy oil based diets on the lipids profile of egg yolk. The aim of this research was to investigate the effect of soy oil source and VE and VC supplementation, alone and in combinations, on fatty acid profile, cholesterol, triglyceride (TG), and α-tocopherol concentrations of yolk, and oxidative stability of blood serum and yolk.
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MATERIALS AND METHODS
The procedures used in this research were approved by the Animal Ethics Committee of the Isfahan University of Technology, and were in compliance with the guidelines of the Iranian Council of Animal Care (1995) .
Dietary Treatments and Sampling
Briefly, a batch of refined soy oil (SO) and a batch of acidulated soy oil soapstocks (ASS) were collected from a soybean crushing and soy oil refinery plant (Naz, Isfahan, Iran) . In addition, a batch of recycled soy oil (RSO) was collected from an industrial plant (Golab, Isfahan, Iran), which produces foods based on wheat flour. Details on soy oil characteristics and hen husbandry have been reported elsewhere (Irandoust et al., 2012) . A total of 300 W36 Hy-line laying hens from 44 to 56 weeks of age were randomly allocated to 12 groups of 5 cages, and each cage contained 5 birds. The diets were based on corn and soybean meal, and included 3.5% of SO, RSO, or ASS, and 0 or 250 mg VE/kg diet, and 0 or 250 mg VC/kg diet in a factorial arrangement.
Hens were received their respective experimental diets for 12 weeks (Tables 1 and 2 ). On the last day of the feeding trial, 5 eggs were collected at random from each cage to determine FA profile, the content of cholesterol, and vitamin E in the yolk. Five additional eggs per replicate were used for assessment of susceptibility to oxidation. Blood samples (3 mL) were taken from the branchial vein of 2 hens from each replicate. Serum samples were prepared by centrifugation of blood at 1200 × g for 15 min, frozen immediately and stored at −20
• C until further analysis. Fatty acid profiles of oil sources and the diet were also determined. 2 Based on NRC (1994) energy values for all ingredients except for the oil sources for which values determined by difference in experiment 1 were used (9,127, 8,947, and 7,967 kcal AME/kg SBO, RSO, and ASO, respectively).
3 Analyzed in triplicate. 
Fatty Acid Profile
For fatty acid profile, total lipids were extracted from feeds and yolk using chloroform: methanol (2:1 vol/vol) as indicated by Folch et al. (1957) . The lipid fraction was methylated (Metcalfe et al., 1961) and the FA methyl esters were separated and identified using an automated GC/MS Agilent gas chromatograph equipped with autosampler, MS detector and a Supelco SP-2560 (100 m × 0.25 mm inside diameter, 0.2 μm film thickness) chromatography column. The GC was programmed with an initial temperature of 180
• C for 10 min, allowing increases of 1
• C/min until 200 • C remaining for 20 min and then increased by 5
• C/min until a temperature of 240
• C was reached. The temperatures of injector and detector were 230 and 240
• C, respectively. Helium, at 1 mL/min, was used as the carrier gas.
Cholesterol and Triglyceride Concentration in Serum and Yolk
Serum and egg yolk total cholesterol and TG concentrations were measured using a standard enzymatic method (TECO diagnostic kits, California, CA).
α-Tocopherol Concentration
α-Tocopherol content of plasma samples was determined as described by Gonzalez-Corbella et al. (1994) with modifications. A 100 μL aliquot of ethanol containing an internal standard (211.54 μ mol d-α-tocopheryl acetate/L) was added to 100 μL of sample in an amber-coloured polypropylene micro centrifuge tube. After vortex mixing, the mixture was extracted with 100 μL of n-hexane. The tubes were centrifuged at 1,200 × g for 5 min. The supernatant was evaporated at room temperature under a stream of nitrogen and the residue was reconstituted in 100 μL of methanol. A 20 μL aliquot of the solution was injected. A Zorbax Eclipsed XDB-C18 HPLC column (250 mm × 4.6 mm) was used for the assay with a flow rate of 2 mL/min. For feed samples, 6 g feed were defatted in a Soxhlet apparatus for 3 h using acetone as a solvent. Evaporated lipid extract was redissolved in 10 mL hexane, stored overnight in darkness and analyzed by HPLC (Hewlett Packard 1050, Waldbronn 76337, Germany).
The α-tocopherol content was determined by HPLC as indicated by Ahn et al. (1995) with modifications. Briefly, 0.5 g yolk, 6 mL acetone, 0.5 mL of internal standard (IS; d-α-tocopheryl acetate, 1mg/mL), and 5 μL butylatedhydroxytoluene (1 mg/mL) were placed into a 50 mL tube and homogenized for 30 s. The mixture was centrifuged at 1,200 × g for 10 min, and the supernatant was collected and evaporated under nitrogen at 60
• C. The dried sample was redissolved in 2 mL methanol and analyzed using an Agilent ChemStation HPLC (UV detector fixed at 292 nm, 1200 Series), fitted with a XDB-C18 column 1 and run isocratically at a flow of 1.5 mL/min.
Thiobarbituric Acid Reactive Substances
The thiobarbituric acid reactive substances (TBARS) were measured in serum as described by Esterbauer and Cheeseman (1990) . Briefly, an aliquot serum sample was mixed with 2 volumes of cold 10% trichloroacetic acid for protein precipitation. Following centrifugation, the supernatant was mixed with an equal volume of 0.67% TBA in a boiling water bath for 10 min. After cooling, the absorbance was measured at 532 nm. Measurements were performed in duplicate and expressed as μM of malonaldehyde per litre of serum.
The TBARS content of the yolks was determined using the method described by Cherian et al. (1996) . Briefly, yolk samples (2 g) were weighed and placed into a test tube with 18 mL of 3.86% perchloric acid. The mixture was homogenized with a Brinkman Polytron (Type PT 10/35, Westbury, NY) for 15 s at high speed. The homogenate was filtered through a Whatman #1 filter paper. The filtrate (2 mL) was mixed with 2 mL of 20 mM TBA in distilled water and incubated in a boiling water bath for 30 min. After cooling, the absorbance of filterate was read at 531 nm against blank containing 1 mL distilled water and 1 mL of 20 mM TBA solution.
Sensory Evaluation
To evaluate the organoleptic qualities of hard-boiled eggs from hens on the various oil source diets, the triangle difference test (Roessler et al., 1948) was employed. Eggs were collected from the experimental cages on last week 3 days and were kept at 5
• C for 14 days to facilitate peeling. Eggs were boiled for 15 min and kept in water at around 35
• C to keep them warm until they were served for sensory evaluation (Caston and Leeson, 1990) . Each egg was randomly placed and coded using three digit randomized numbers. In the test, each panelist was given 3 coded samples and was only asked to distinguish which egg was different from the others. Thirty untrained panelists were asked to evaluate eggs after cutting them in half. Unsalted crackers and water were offered as carriers.
Statistical Analysis
This experiment was conducted as a completely randomized 3 × 2 × 2 factorial design with 3 oil sources, 2 levels of vitamin E (0 and 250 mg/kg diet), and 2 levels of vitamin C (0 and 250 mg/kg diet). The data were analyzed using the GLM procedure of SAS (2001). Significant differences at 5% among treatment means were evaluated using Tukey's new multiple range test.
RESULTS AND DISCUSSION
Diet did not affect the productive performance of the hens (Irandoust et al., 2012) . No interactions among main effects were found for any of the traits studied, and therefore, only main effects are discussed.
Effect of Diets on the FA Profile of Yolk
Soy oil source affected the FA profile of the yolk (Tables 3 and 4 ). The Saturated fatty acid (SFA) contents of yolk were not affected by dietary oil source except for C20:0, which was lower in the ASS diet than in the SO and RSO diets (P-value of < 0.001). The content of Polyunsaturated fatty acid (PFA) and the ratios of n6:n3, PUFA to SFA, and arachidonic acid to linoleic acid (ARA:LA) were not affected by oil source (Pvalue of > 0.05). Previous studies (Meluzzi et al., 2000; Mazalli et al., 2004) indicated that the concentration of SFA in eggs usually did not respond to dietary manipulation. A tendency to lower values (P-value = 0.059) of MUFA were observed in eggs from hens fed SO than those from hens fed RSO and ASS, which reflected the low content of MUFA in SO. Baucells et al. (2000) and Mazalli et al. (2004) found similar results with 4% and 3% canola oil in the diets, respectively. This finding showed that the changes of fatty acids induced by dietary treatment were not uniformly distributed among all FA types of egg yolk (Jiang et al., 1991) . Measurable amounts of odd-chain FAs, C15:0 and C17:0, were observed in all eggs, irrespective to their presence in the dietary treatments, with the greatest quantities found for the VC supplemented diets. Garton et al. (1972) and López-Bote et al. (1997) reported that the production of volatile FA, mainly propionate by fermentation in the hind gut, could have ended up in the production of certain odd-numbered FA residues in non-ruminants. The concentration of yolk LNA and DHA (C22:6n-3) was not affected much by dietary oil sources. Grobas et al. (2001) reported that the conversion of LNA to DHA is a very inefficient process in the laying hen.
Vitamin E supplementation significantly increased the percentage of SFA (38.3% vs. 39.5) and C16:1 (1.41 vs. 1.60%), whereas n-6 and n-3 fatty acids and subsequently PUFA concentrations decreased (P-value of < 0.05). Vitamin E supplementation also lowered the concentration of docosahexanoic acid (DHA; C22:6n-3) in the egg yolk (0.64 vs. 0.60; P-value of < 0.05). However, the changes were very small. Most of the Table 3 . Effect of diet on saturated and monounsaturated fatty acid profile of the egg yolk (% of total fatty acids). decrease in n-6 FA was due to a decrease in LA, whereas the decrease of n-3 FA was due primarily to a decrease in DHA. The ratio of PUFA to SFA decreased (P-value of < 0.001), but that of ARA: LA increased (P-value of < 0.05). Supplementation of both vitamins E and C reduced or tended to reduce C18:2 content in yolk and increased ARA: LA ratio. Supplementation of vitamin E alone did not affect the content of odd-number FA concentration. Vitamin E supplementation reduced C18:2n-6, C20:4n-6, C22:6n-3, PUFA content and PUFA: SFA ratio in yolk. These results are consistent with the findings of some other studies (Meluzzi et al., 1999 (Meluzzi et al., , 2000 Galobart et al., 2001; Pál et al., 2002) . Meluzzi et al. (1999) , which suggested α-tocopherol at high doses can interfere with the intestinal absorption of some longchain FA. The present study indicated that supplemental VE tendency to reduce the synthesis of long-chain PUFA in the liver or ovary and its deposition in the yolk. The concentration of C15:0, C17:0 and C20:0 decreased (P-value of < 0.05), but that of C18:0 increased with VC supplementation. Concentration of MUFA was not affected by VC supplementation except for C14:1, which was increased (P-value of < 0.05). The n-6:n-3 FA ratio decreased from 16.8 to 14.9 (P-value of < 0.001), while arachidonic acid to LA ratio increased (P-value of < 0.05). Hens fed with VC supplemented diets laid eggs with lower concentrations of odd-number FA (C15:0 and C17:0) than those fed diets without the vitamin.
Vitamin C supplementation caused some changes in FA profile of yolk. C18:0, C18:3n-3, n-3 FA, and ARA:LNA ratio in the yolk were increased but the ratio of n-6 FA: n-3 FA was decreased by vitamin C supplementation. However, Bou et al. (2006) did not observe any effect of vitamin C (110 mg VC/kg diets) on the FA profile of the meat.
Cholesterol and Triglyceride Concentration in Serum and Yolk
The concentrations of total cholesterol and TG in serum were not affected by dietary treatment (Table 5 ). The concentrations of total cholesterol in serum were 157, 151, and 158 mg/dL and those of TG were 191, 183, and 199 mg/dL in hens fed SO, RSO, and ASS, respectively (Table 5) , which were similar to those of the other reports (Mazalli et al., 2004; Anderson, 2013) . Total cholesterol concentration of the yolk from hens fed SO, RSO, and ASS were 13, 12.6, and 12.5 mg/g, respectively. Yolk TG was lower (P-value of < 0.05) in yolks from hens fed SO than those fed RSO or ASS diet (28.2 vs. 30.2, and 31.4 mg TG/g yolk, respectively). Supplementation of the diet with VC decreased yolk TG (30.8 vs. 29.1 mg/g). Murata et al. (2003) compared different oil sources (3% of SO, fish oil, canola oil, and poultry by-product) in laying hens diet and did not find any differences in concentrations of total cholesterol and TG in plasma and egg The interactions between the main effects were not significant (P > 0.05). Table 5 . Effect of oil source and vitamin E and vitamin C supplementation on total cholesterol (TC), triglyceride (TG), α-tocopherol, and malondialdehyde (MDA) content in serum and yolk.
Serum Yolk 4 Acidulated soy oil soapstocks. 5 Standard error of the mean (5 replicates of 5 hens per replicate). Data are the average of 5 eggs per replicate. 6 The interactions between the main effects were not significant (P > 0.05).
yolk. Similar findings on the effect of dietary fat on concentration of cholesterol or TG in serum or egg yolk were reported by others (Hirata et al., 1986; Shafey et al., 2003) .
Supplemental VE and VC did not affect serum cholesterol or TG concentrations: Narimani-Rad et al.
(2011) used semi-refined sunflower oil (2, 4, and 6% of the diet) supplemented with 75 and 150 mg VE/kg of diet and reported no differences in serum total cholesterol and TG of laying hens. Mazalli et al. (2004) used 12 and 100 IU VE/kg of diets containing 3% of different oil sources for laying hens and reported that the VE levels did not affect the cholesterol concentration in eggs. Mohiti Asli et al. (2007) used 0, 100, 200, and 400 mg VE or VC/kg of diet and did not find any differences in serum cholesterol and TG concentration of laying hens. Zaghari et al. (2013) used 0, 200 , and 400 mg VE/kg of diet and did not find any changes in blood and yolk cholesterol concentration of the broiler breeder hens. In the current trial, the serum total cholesterol and TG were similar for all the dietary treatments, and the egg yolk cholesterol and TG were also unchanged.
α-Tocopherol Concentration
Soy oil source or VC supplementation did not affect α-Tocopherol concentration in the serum (on average 32.6 μM/L) and yolk (on average 138 μg/g). Supplementing VE to the diet, however, increased α-tocopherol concentration in serum (P-value of < 0.001; 52.8 vs. 12.2 μM/L) as well as in yolk (232 vs 43 μg/g yolk; P-value of < 0.001) ( Table 5 ). The concentration of α-tocopherol in serum and yolk was not affected by type of soy oil, which is in agreement with others (Meluzzi et al., 2000; Galobart et al., 2001; Pál et al., 2002) . Cherian et al. (1996) also did not detect differences in α-tocopherol content in yolk of hens fed diets supplemented with 3.5% menhaden, flax, or sunflower oil without added VE. However, studies reported by others generally agree on the negative impact of PUFA on tocopherol absorption from the intestine (Hollander, 1981; Meluzzi et al., 1999) .
Dietary VE supplementation increased the α-tocopherol concentration in serum and yolk, which is in agreement with Frigg et al. (1992) , Meluzzi et al. (2000) , and Galobart et al. (2001) . Jiang et al. (1994) showed significantly higher levels of α-tocopherol in yolk when a basal diet was supplemented with 100, 200, or 400 mg of dl-α-tocopheryl acetate/kg of feed. Grobas et al. (2002) reported that there was a direct relationship between the dietary level of α-tocopheryl acetate and α-tocopherol in the yolk. Like Jiang et al. (1994) , Qi and Sim (1998) achieved a linear increase of tocopherols in egg yolk when a natural tocopherol was added to laying hen diets.
The deposition efficiency of dietary α-tocopherol in egg yolk was between 14 and 24% when 10 or 260 mg VE/kg was used, respectively, which was similar to other authors. Naber (1993) calculated the transfer efficiency of VE by using data of other authors and found that this parameter oscillated between 16 and 39% with dietary levels of VE ranging from 12.6 to 30 mg/kg. Galobart et al. (2001) obtained an efficiency of 26% for 20 to 40 mg VE/kg feed. A possible explanation of the different efficiencies found in the above-mentioned experiments could be the analytical procedures and the stability of dietary VE used in these experiments. Dju et al. (1950) found a higher efficiency of vitamin E incorporation into egg yolk at lower dietary inclusion levels. A possible explanation for the lower efficiency at higher dietary supplementation might be the higher competition for absorption (Galobart et al., 2001 ).
Thiobarbituric Acid Reactive Substances
The data for serum and yolk malondialdehyde (MDA) concentration is shown in Table 5 . Serum MDA concentration of the RSO treatment was higher than the ASS treatment (0.53 vs. 0.42 μM/L), whereas the serum MDA content of the SO treatment was in between the 2 treatments (0.49 μM/L) (P-value of < 0.039). Supplementation of a diet with either VE or VC alone and in combination decreased serum MDA con- Serum MDA, unlike yolk MDA, was influenced by dietary treatments: serum MDA level was more influenced by the dietary manipulation than yolk MDA. RSO increased serum MDA compared with ASS as expected. Higher peroxide value in RSO and lower PUFA in ASS can explain this effect. Lipid peroxidation in serum generated by dietary oils containing high levels of PUFA can be ameliorated by the supplementation of 250 mg VE/kg. This finding leads to the assumption that the decreased lipid peroxidation may be able to enhance stability of blood cellular membranes and lead to longer shell-life of eggs. This assumption needs further study.
Oxidation of fresh egg yolk was low and was not affected by dietary oils or vitamins E or C. Pike and Peng (1988) and Marshall et al. (1994) also reported a low susceptibility of fresh egg yolk to oxidation. Cherian et al. (1996) and Galobart et al. (2001) detected a clear antioxidant effect of dietary α-tocopheryl acetate in n-3 PUFA-enriched eggs. The former authors did not find any change in TBARS values of eggs not enriched with n-3 PUFA, which confirms our results. At 90 d storage time, supplementation of a diet with VE increased MDA concentration of the yolk. In the literature there is some agreement on this matter. Gebert et al. (1998) reported that an elevated concentration of vitamin E (100 to 200 ppm) increased TBARS number, and Chen et al. (1998) postulated that vitamin E acted is as a prooxidant at 75 ppm or above that corresponded to 120 ppm in the diet.
Values of MDA showed that supplementation of a diet with vitamin E at 250 mg/kg leads to increased deposition of α-tocopherol and thus inhibited the chain reaction of peroxidation in the serum. Hens supplemented with 250 mg VE/kg maintained lower levels of MDA values in serum, whereas MDA values in hens fed diets without supplemental VE were prone to increase. This result is due to the antioxidant property of VE as discussed earlier. These results are similar to the study of Cherian et al. (1996) , who reported that supplemental VE reduced TBA values in eggs.
Vitamin C is found in very small amounts in the yolk compared to other yolk vitamins (Gutierrez et al., 1997) . It is probable that supplementation of VC did not express an additive effect to VE in yolk because of the very low deposition levels in the yolk. A high level of VC in the current study significantly (P-value of < 0.05) decreased MDA values in serum. Levels of MDA in serum and yolk from hens fed a combination of VE and VC, however, were not significantly different from those supplemented with VE alone. Most of the fat-soluble vitamins in hen eggs are contained in the yolk.
Serum MDA levels decreased when vitamin E and C were supplemented, indicating antioxidant effects of the 2 vitamins. Antioxidant effects of the vitamins were not increased when they were supplemented as a combination. Vitamin E, a nutritional antioxidant in biological systems, functions as free radical scavenger and inhibits lipid peroxidation within membranes (Halliwell and Gutteridge, 1989; McDowell, 1989) . However, vitamin C can exhibit either antioxidative or prooxidative effects. At high concentrations of vitamin C, in the presence of relatively low concentrations of free or activated metal ions, the antioxidative properties usually predominate and vitamin C acts as a free-radical chain terminator (McDowell, 1989) . There was no synergism between VE and VC in this study, which is inconsistent with other reports that have indicated that the effects of VE and VC are additive (Gallo-Torres, 1980; Gey, 1998) .
Sensory evaluation
The data demonstrated that the majority of the panellists were not able to detect significant differences among the coded samples. Panelists detected no significant differences among the eggs from layers fed 3.5% of SO, RSO, and ASO. Approximately 80% and 63% of the panellists reported that all eggs from RSO and ASO were similar in flavor as compared to SO.
CONCLUSION
This study revealed that feeding hens with diets including 3.5% RSO or ASS had no adverse effect on fatty acid profile, cholesterol and triglyceride concentrations, and the oxidative stability of yolk. Because RSO and ASS could be successfully incorporated into the diet of laying hens at 3.5%, use of RSO and ASS in laying hen diets can alleviate the problem of food processesing industry. It was concluded that dietary supplementation of high levels of vitamin E showed antioxidant effects, but vitamin C acted as a prooxidant in long-time stored eggs from hens fed high-PUFA diets.
